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Development of Ni-based super corrosion and wear resistance alloy with distributed fine boride
EEH Rz

Toshiyuki Sawada, Katsu Yanagimoto

BIAR i+

Synopsis: Ni-based alloy (PM-1.4B) with better corrosion resistance in HCl and HF aqueous solutions than Ni-16Cr-16Mo-

4W-5Fe-low C-low Si alloy (Ni-Cr-Mo alloy) and the same wear resistance as Co-30Cr-9W-1.7C-1Si alloy (Co-Cr-

W-C alloy) has been developed. PM-1.4B manufactured from Ni-22Cr-26Mo-1.4B gas atomized powder by hot

isostatic press (HIP) consisted of y matrix phase with Ni-22.3Cr-16.5Mo and distributed fine M_B,-type boride.
PM-1.4B showed no corrosion in 10 mass% HNO,, H,SO, and HCI aqueous solutions for 10 h at 313K. Its
corrosion rate in 10 mass% HF aqueous solution was one third of that of Ni-Cr-Mo alloy. Specific wear rate of PM-

1.4B in Ohgoshi-type abrasive test with sliding speed from 0.099 to 3.62 m/s was almost the same as Co-Cr-W-C

alloy.

PM-1.4B with superior corrosion resistance and wear resistance is expected to be applied for various parts of resin

molding machine.

Key words:nickel-based alloy, nickel-chromium-molybdenum alloy, superalloy, corrosion resistance, wear resistance, boride,

addition of boron, powder metallurgy
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Fig.1 Ni-Cr-Mo system at 1473K"
Mark of y at Ni rich side stands for Ni-based
f.c.c. phase.
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Table 1 Results of ICP analysis of Ni-xCr-yMo-0.7B
centrifugal casting alloys.(mass%)

Ni Cr Mo B Mo/Cr
CE-3.8  Bal. 9.35 35.42  0.65 3.8
CE-3.0  Bal. 9.64 28.67 0.74 3.0
CE-1.2  Bal. 20.62 25.68  0.71 1.2

Table 2 Results of EDX analysis of Ni-based y
phase of Ni-xCr-yMo-0.7B centrifugal
casting alloys.(mass%)

Ni Cr Mo Cr+1. 4Mo
CE-3.8 63. 6 9.6 26. 8 47.1
CE-3.0 67.7 10. 3 22.0 41.1
CE-1.2 61.2 22.3 16.5 45.4
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Fig.2 Microstructure of Ni-9Cr-35Mo-0.7B
centrifugal casting alloy (CE-3.8).
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Fig.3 Rockwell hardness of examined alloys.

Ni-Cr-Mo alloy is commercial alloy with Ni-
16Cr-16Mo-4W-5Fe-low C-low Si

composition.
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Fig.4 Corrosion rate after immersion in various 10

mass% acid aqueous solutions for 10 h at
313 K.
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Fig.5 Effects of B content on Cr and Mo contents in
y phase of Ni-10Cr-36Mo-zB gas atomized
powder after heat treatment for 2 h at 1473
K:(a) Cr and (b) Mo contents in y phase.
Hatching areas show level of Cr and Mo
contents in examined powders by ICP analysis.
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Table 3 Results of ICP analysis of Ni-10Cr-36Mo-
zB gas atomized powders.(mass%)

Ni Cr Mo B
PO-1.4B  Bal. 10.00  36.70 1. 35
PO-1.9B  Bal. 9.98  36.78 1.93
PO-2.9B  Bal. 9.79  36.34 2.93
PO-3.9B  Bal. 9.57  35.86 3.86
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Fig.6 Effect of B content on Vickers hardness of Ni-
10Cr-36Mo-zB gas atomized powders after
heat treatment for 2 h at 1473 K.
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Table 4 Result of ICP analysis of Ni-22Cr-26Mo-1.4B gas atomized powder.(mass%)

Ni Cr Mo B C Si Mn p S
Ni—22Cr—-26Mo—1. 4B powder Bal. 21.93 26.27 1.38 0.012 0.03 <0.01 0.003 0.002
Table 5 Result of gas analysis of Ni-22Cr-26Mo-
1.4B gas atomized powder(ppm) JIS SCM440 Carbon steel 1lid

0 N
Ni-22Cr-26Mo—-1. 4B powder 30

110

67

Ni—-Cr—-Mo—B gas

: Evacuation pipe
atomized powder

\ Evacuation

)

» » »

Carbon steel can Welding

Fig.7 Schematic diagram of canning process for bi-
metallic P/M material in this study.
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Fig.8 Microstructure of Ni-22Cr-26Mo-1.4B P/M
material (PM-1.4B).
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Fig.9 XRD pattern of Ni-22Cr-26Mo-1.4B P/M
material (PM-1.4B).

Table 6 Results of EDX analysis of Ni-based y
phase and boride phase of Ni-22Cr-26Mo-
1.4B P/M material (PM-1.4B). (mass%)

Ni Cr Mo  Cr+l.4Mo
White 7.8 21.4 70. 8 -
PM-1. 4B
Gray 61.2 22.3 16. 5 45. 4
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Fig.10 Compo image of Ni-22Cr-26Mo-1.4B P/M
material (PM-1.4B).
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Fig.11 Rockwell hardness of various alloys.
Co-Cr-W-C alloy is commercial alloy with Co-
30Cr-9QW-1.7C-1Si composition (P/M
material).

SFNi5 means Ni-based self fluxing alloy with
Ni-13Cr-5Fe-0.6C-3B-4Si composition
(Centrifugal casting material).
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Fig.12 High temperature Vickers hardness of Ni-
22Cr-26Mo-1.4B P/M material (PM-1.4B).
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Fig.13 Bending strength of Ni-22Cr-26Mo-1.4B

(PM-1.4B) and Co-30Cr-9W-1.7C-1Si (Co-
Cr-W-C alloy) P/M materials.
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Fig.14 Corrosion rate after immersion in various 10
mass% acid aqueous solutions for 10 h at

313 K.
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Fig.15 Specific wear rate of Ni-22Cr-26Mo-1.4B
(PM-1.4B) and Co-30Cr-9W-1.7C-1Si (Co-
Cr-W-C alloy) P/M materials as a function of
sliding speed by Ohgoshi-type abrasive test.
(Friction ring = JIS SCM420, sliding
distance = 200 m and final load = 61.8 N)
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Fig.16 (a) Ni and (b) Co composition maps of sliding
surfaces of JIS SUJ 2 friction ring after
Ohgoshi-type abrasive test by EPMA
analysis; Examined specimens were (a) Ni-
10Cr-36Mo-1.4B and (b) Co-30Cr-9W-
1.7C-1Si P/M materials. (Sliding speed =
3.62 m/s, sliding distance = 200 m and final
load = 61.8 N)
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